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»I. DESCRIPTION OF THE -PROJECT-

A total of thirty-two computer-based lessons (modul;s) in, organic chemistry

were developed over an 18 month period and evaluated in varying classroom situa-

tions 'for three consecutive semesters starting in the Fall, 1992. Of the thirty-
two lessons, ten éfre developed directly under Project C-BE. The. lessons are
l1ist€d in Table I. A description of eéchﬂbf the lessons may be obtained from -

LY

,
’
8

the author.

Traditionally, organic chemistry courgses of the University.of Texas consist
The modules

' ’

-
of three 50-minute lectures and ane 4-hour laboratory-per week,

were designed as supplements to the traditional organic chemistry course { As
»

4 . \
: qych éhéy eé}has}7ed tutorial-drill and experlment simulation app11ca§1ons in

§ome of the basic organic chem1stry concepts 1nc1ud1ng nomenclatgé?% claqses of
’> and

R ,
organic _ compounds, syntheses, rpact1on§, prepapﬁtlgns, laboratory exerc1se
. @
syectral interpretations. These concepts nften transcend a g1ven 1nstruct1onall
Y. - 3 H ¢ [
. stratégy or textbook formats That is, the design_of the modules was .such that
. - - '
an 1nstruc€ar cqg}& us; thegkylth a varlety of organ1;\}hem;§tYy‘dburse designs

. ."«“9
. . - '
N . L]

or textbooks. o 5 .

. .
7

T - * . - . ‘ AN .. \ X
so. According}y, thd;lessons were used by the same instructor id varying cours
desxgns pver the :h;ee seme$ er—evaluatlon perxo& Thege designs are described

0 f 0 ' u\’t’ Fo. -~
in the fpllow1ng sectaoﬂ U .

e .
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Table I. | “

2 ¢

COMPUTER~-BASED LESSONS IN ORGANIC CHEMISTRY

- SIMULATED EXPERIMENTS

AND
-

TUTORIAL-DRILL APPLICATIONS
- : ”

COURSE: ORGANIC : o

Pt

OCH1 . . Alkane Nomenclature
H2 ' . Alkene Nomenclature )
[$K] T Alcohol, Aldehyde, Ketone Nomenclature
OCH4 Benzene Dérivative -Nomenclature
OCH5 : General Nomenclature Quiz . .
OCHb ; Organic Syntheses (Electrophilic Aromatic) ~
OCH7 - Organic Syntheses (Eléctrophilic Aromatic)
OCH8 Kinetics of a Reaction (S) - .
OCHY Inkerpretation of Kinetic Data (S)
OCH10 Ji kene Reactions and Prepgrations
0CH11 _— rene Preparations and Reactions
O0CH12 Alcohol Preparations and Reactions
OCH13 . ==gemneral Reaction Quiz
OCHL4 Alcolttol Dehydration (S) ' -
OCH15/ - Optical Rotation Measurements (S) A
0CH16 : Valence Bonding and Organic Gﬁﬁpbuﬁds:
OCH17 » Alkene Related Syntheses ¢
OCH18 Halogenation Mechanism
OCH19 . Electrophilic Substitution Mechanism
*0CH20 - General Syhthetic Problems
H21 A Fast Review of Alkene Reactions
0CcH22 Separation of a 2-Component Organic Mixture
*OCH24 Basics of Stereochemistry
0CH25 Qrganic Qualitative Analysis .
**OCH26 Aldehydes and Ketones: Reactions and‘Preparations
. MOCH28 - Aminas: Reactions and Preparatians ,
*0QCH29 Phenols: Reactions and Preparationg
*QCH30 y Biazonium Salts: Reactions .

. *OCH3L "= Organic Laboratory Experiments: Reporting thekResults
*0CH32 Elementary NMR Interpretations. 13 . -
*0CH33 Elementary IR Ryterpretations’ ’ ) '
*OCH34 General Classes of Organic Compounds

+ f

L

S !
(8) = Simulated. Experiment

* Developed under Broject C-BE
3 L v
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1I. DESCRIPTION OF THE STUDENT POPULATION AND COURSE DESIGN -
Fall Semestfer 1972 e ’ X
- t ’
The origirdal eourse enrollment for the experimental class numbered 103 stu-
8 ' . R -
‘ dents; 73 students completed the course. The students were chemistry or chemical
g engineering majors. R
The design of the experimental course differed from the traditional course
described above in several respects. The number of formal lecture section; was
decreased from three to two 50-minute meetings per week. The time normall
served for the third meeting was desiénated as an opt16n31 discussion period.
Twenty-one computer-based lessons (average length approximately 35 miﬁute; each s
(Table II)) were assigned as a required part of the course. Students scheduled :
[
their compugeér interactions at times convenient to their own schedules and used —
puger interact; ; o their own schedule: |
" "; s . * ' . ' ’ ’ " '
Tgble 11 : -
s \ v . . w e N
A551gned Computer Lessons for Experimental Section of Chemlstry 818a .\ :
’ ! . » ¥V
R Name . Area ¢, .
X - 1. OCH1l6 Valence Bonding'and Organic Compounds
2. OGH34 Class@® of Organic €ompounds
. 3. OCH1 Alkan@ Nomenclature
4. OCch22 Separation via -Extraction .t ’
L4 5. OCH18 ' Chlorination of Propane o
6. OCH24 Basics of Stereochemistry ' - o
7. OCH2 Alkene Nomenclature . T . )
: 8. OCHIQ ¢ Dehydration of Z-Wathylcyclohexanol ' -
, 9. OCH10 Preparations and Reactions of Alkenes 3 : "
10. OCH31 .Reporting Laboratory Results - .7 - R
. 11. . OCHL17 S Elementary Alkene- related Syntheses . .o v o
- 12, OCHL4 Arene Nomenclature’ : -
13, OCH19 Mechanism of Electrophilic Arbmatlc Substltutlon, j
' Orientation; Reactivity L, . S v
14. OCH1l1 ., Preparations and Reactions of Arenes , ) |
. 5. OCH6 . Elementary Aromatic Syntheses © .o
* 16, ' ocH7 i . Aromatic Synthesés .ok . R
o 17." OCti3 . - Alcohol, Aldehyde, ,Ketone  Nomenclature
18. " ocHl2 + Preparations and Reactions of Alcohols .
19, o0CH29 Preparations and Reactions of Phenols ’ -
4 20, 0CH32 Elementary- NMR Interpretations t :
\\# 21. OCH33 | + Elementary IR Interpretations ' .
N , »
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‘related to the content of %he course, the design of the second semester courg@ - ,
Ed
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Py .

”~ _.‘. . . v .

stgrdard teletype consoles. The lessons were written in CLIC (gonversagional

Language for lnstruc;iénal Computing), an interactive computer language developed

by personnel of the University of Texas Computation Center and §%signed for the

University of Texds CDC 6400-6600 system.’ A minimum level of achievement of 85

percent was-established for most of the lessons. Until this level was attained,

the student received no credit for the lesson ;nteract{on, but was allowed to re-
peat the interaction without penalty until a satisfactory performance was demon-~

strated: The regularly assigned laboratory periods were not modified.

v
M €

Spring Semester 1973: ' ’ ! .

f Forty-four students en;giisg‘Igﬂthe second semester course tauéht by the

o - -

same instructor of the first semester.egperiﬁental course. Thirty-four students
' r - . ’ ~ - 3 ‘ . *

completed-the course. - .

— ‘ .

" . Y3

Due to a fewer number of coemputer-based instructional materials that were

¢ .

/
¢ S - oo . r
was mor€ toward the traditional method and included three 50-minute lecture ses- @ 1
< d‘ - ‘ 1
- - . . : - 1
sions and one 4-hour laboratory per week. The computer lessons listed in Table ) L@
111 were a required portion of the course. J |
candD o e i e e o o e e e . - ; - .
! *. > 1
- ' . * table ILI ‘ ' £
Assigied Computer Lessons for the Experimental ‘Séction of Chemistry 818b “ !
- . * K A‘- B - 5 "
Name . s red . .
“ , ‘r% ) — ¢
. . ' . - -:.v S
1. OCHi5 General Nomenclature Quiz : . »
2, OCll4 Géneral Reaction’Quiz \ R
3. ‘ocui2 Alcohol Preparation and Reactions ‘ e
4. ocu26 v Aldehydes and Ketones: Reactions’ and.Preparations. i .
i 5.. 0OCH28 . Amines: Reactions and Preparations Lo _ e g * .
" 6. OCH29 o Phenols: Reactions and Preparations . <!
7. OCH30™ - .’ 7, . Diazoniunf Salts: Reactions B LT
, 8. OCH32Z . Elementary NMR Interpretations TN ’ a -
. ‘ : K . A . ‘ .-
) . e . . ‘ b . ¥
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upon the ;>ev1 usly documented effectiveness of camputer-based instruction in or-
. L !

C. H. Cuip

Fall Semester 1973:

-

Of the 79 students initially enrolled in the course,.60 completed the se-

mester. The instructor was the same as for the two previous experimental courses

- -
conducted in the 1972-73 academic year. \

.
¢

The design of the course was essentially that of the traditional course des-

cribed in Section I above, with the exception that the computer-based lessons
.{ ' . “ * » e o
lis§ed in Table II above were requir%d supplements, A lower minimum achievement

.

level, 70 percent, was set for the lessons. As in the previous experimental
' 0
courses, the students were Chemistry or Chemicg} Engineering majors. .

e

III. RATIONALE FOR TESTS USED AS ASSESSMENTS
T

~

f

In that the modules were designed around‘séxe}al og the basic concept in-
e ~' . ' < * .

N s . . . .
herent in the instruction of.organic chemistry, regularly scheduled examinations
R

woﬁld contain duqstioﬁs reiated to the stated objectivés of the computer-based

ledsons. Tf the modules wexe effective, then it was assumed that this effective~
£ Kl

" -

ness would ‘be reflected in the overall performance of the-students. .
;3 .

The tests used to measure the effectiveness of the' modules were th2 regu-

larly- scheduled hqur examinations and the final examination for the organic Zhen-

-~

istry course. " The decision to follow this form of evaluation strategy was based

\

. ~

ganic .chemis using moduleg of similar design and content .(1,3,4). '

0
. - s

! ;n.a&dition, student evaluation forms were administered to each of the class-

P ¥y . §‘ . . E . .

. 3

s
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- IV, EVIDENCE OF EFFECTIVENESS ¢

The semester grade distributiong for the three experimental classes are shown

in Table IV.

l .
— ! -
' ! } .
Table IV i '
Semester Grade Distributions for
g % 4 .
Experimental Classes in Organic Chemistry (%) L
. — !
, Class £ ) A B C D ' F i J
. . . - |
‘ Fall 72 N=73 16 -23.. 33 22 ‘5 f ,
Spring 73 'N=34 25 21 37, 17 0 :
. Fall 73 N=60 22 25 27 . 25 -1 ; :
s, g e 1 .

~ ’

Although the grade distributions do not indicate any outstanding improvement

for the higher grade distributions when compared with traditional courses, a sig-

. ’

- nificant decrease in the number of failing grades is noted. In tradition?l courses,

v

this percentage. ranges from fifteen to thirty percent. This suggests that the
; e , -
‘modules were particularly effective for those ‘grdups of students who are generally

&

classified as slower achiewers.

an

". Results froQ'the student attitude questionnaires were somewhat varied, but
. * L

. . ,
. . P P . L . . .
indicated a general positive opinion toward computer-based instructional materials

and the use of the modules in organic chemisgry.

[

Several student questionnaires were administered to the Fall 72 class. Simi-
3 — Y "
, \ .
lar questionnaires were also given early in the-semester to the Spring 73 class

[y

* .

and to ¢lasses that contained students who had, transferred from the experimental °
! ‘ ‘. )
class or who were repeating first semester organic chemistry in a traditional

v

v

class, but who had been enrolled in the experimental class. Results are shown in
. . - .

v

Table V and Table VI. - ' ,

¢ ' ¢




Table V

Student Attidudes Concerning CamputérTBased Lessons’

¥

o -t Y“' A

. : Lte ) Opinion (%Qb'
= ‘ “ —
Strongly ' Strongly
Disagree Disagree Neutral Agree Agree
- . .
’ 1. Computer techniques 3 3 2 54 -37
are good study aids 2 2 2 57 33
. 2. The lessons have® 3 2 95 N 53 33
-helped me to learn 0 2 13 57 2
5. I have enjoyed the 11 5. 22 36 26
lessons . 5 8 21 55 10
’ . “e
. 4., 1 would use this 1 S 28 40 - 19
type of study aid 4 0 13 © 68 14

in other courses if
. it were available

k]

aVo‘lunt:ary anonymous responses were solicited from students immediately prior
. . to final examination (56 responses), and either weeks after end of course (51
responses). Note that there may be some variation based on difference in stu-

dents who chose to respond. ‘

) 1
b%'opinions.tabulated as shown: _n

2
n
1 N . ‘. . .
where n = % of 56 voluntary responses received prior to examination
2 .
n = % of 51 voluntary responses received 8 weeks aftyr end of course
- °
5 LSO

-\
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.

¢ . The data in Table V indicates that a majority of students felt cbmpucer

techniques were good study aids, helped them learn organic chemistry, were en=

i
= ©

joyable, and that they would use this form of study aid in other courses. As

might be predicted fram the posif?@e shift in semester performance at the lower

end of grade distributions, students who were enrolled in the experimental class,

but who were repeating the first semester in a traditional class, were particu-
larly pogitive in their response for this form of studi assistance. '

The data in Table VI indicates that students generally felt the computer-

" “based iessons helped pace them through the course, were fair supplements toward s
learning organic chemistry? were enjoyable, and should be continued. In addi-
tion, they did not resent being a part of |the experiment and did not look at the ,
_computer-based lessons as just another as ignment to be completed.

Further student support for computer-based ingtruction is shown by the data
in Table VII, All the students who had participated in the first semester ex-
perimental class, independent of whether or not they were continuing in this
class, had transferred to avtraditional course or were repeating the first se-
me;ter in a traditionél course, ranked the computer as a high contributer toward
learning organic chemigtry. A control group, with no prior use of computer-

based instructional techniques, ranked the computer as the lowest potential con=-

tributor, Py,
N

ERIC | .\
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’ . ' Table VI

-

' . Additional Questions fot Formal UniVersity Student Evaluntion (Anonymous and

Voluntary) of Experimental Course and Instructor

- For Following Questions

Ansver: Definitely Yes Yes Uncertafin .  No Definitely No
+2 +1 o -1 ” -2

Did the yse of computer-based {nstruction help you discover and use your owm pace for
learning organic chenistry: - ; ]
x)" = .4[.71(.8)

b

. v

YA .
Do two formal lectures per week plus regular cowputer-based lessons scom to péovidc suf-
ficient explanation of subject matter for a self-paced introductory course {a organic
chemlstry: ) .
x) =71.51(-.2)

. . ¢

‘ + Is it fair to ask students to ceach'thcmselkes organic chenistry from a selected textbook
aided by formal lectures and conputcr-based}lessansl B !
' Xy = .2[.5](.8)
! ‘ <

[

-

pid you find working on the conputer-based lessous an enjoyable way to learn' organic

chemistry?. .

n X) =-.61.81(1.0) >
Do you tnink it s zccuiate Lo say that the texibock pre<onis an fntroductloa to arganic
chexnistry organized descriptively according to gunctional groups, while the fotnzi
lectures seca to prisént a brosder, wore thegretical organization according to organic

structuve and reaction mechanism? - Lo -
. . V. (X) = .9[.8](1.0) X
Should & coabination of corputer-based ipstruclion aud formal lectures (such as dse@
this semester) be used in future courses to help strdents learn organic cheaistry?

. . ) = .9(1.0)(1.2)

[ .
| 1f this course had been co&posed of three fomal lessoas per‘week and optionsl] corputer-
. ! baﬁed lessons, wyuld you have devoted as wuch tibe to studying the computer-based lessous,
.+ as you did this scuester? ' -
' = : ) = .40.2](.2)

a ! 1,2
average rasponses jndicated as ni a](jh)
where n shows average of 61 responses obtained inmedictely prior to final examination

2 . ) .
n thows mvercge of 52 responses obtained B weeks later both from students

currently enrolled in sccond half of orfanic cheaistry (818b) and fron
students repeating first half of orpanie cheuistry

w shows avercge of 37 responses of studeats currently enrolled in &12b only

.

For Folloving (Questions

"7 Antwer:  post of the a_gaod part o gone of a_small port never .
tiae of the time the tine  of the tine
42 +1 0 -1 -2

Mave you resented bedng part of this crperiment which is tryiug to define new ways of

presenting subject watter in an intraductory orpganie chonistry course?
(X) = =1.0[-1.2](;1.4)

|

Were you able to carielnte the two Yifferent arganizational approaches used in thu text

and in formal lectuics? .
(xX) = 402105 13

If you thivk tack over the feelingn you had vidle caapleting the reguived c(.rnput‘cr-\'nm‘d

. | - Yeanons, do you beliewe Y verd wenally trying to lavn ond underatand the comntoeut, of
[JIJ!: ¢ each Yeswon (instead of junt taylp te et throngh one pore anndpnent) ¥

ot C(x) e W01 8)
[ 3 y

P s o S



Table VIL'

Student Ranking of Contrlbutlon to Learning of Organic Chemistry

T L

Students were asked to: . -~
Rank the following in the order which you feel would most contribute to’
learning organic chemistry. Rank the most important as No. 1 and the least

important as No. 5%

T
i
|
|
|
|

’ Textbook

Formal lectures

Questloh and answer discussion period
Laboratory (including laboratory lecture)
Comﬂuter based lessons

-

Averag1ng their responses for each item gave the following order (question-.
natre admlnlstéred before” f1na1 examination):

7

“t. Fext
2. Computef‘
3. Lecture
4. » Lab

5. ‘Q-A Period

Average ranking on anonymous follow-up questionnaire (8 weeks after the
final examination)
Syl K ' Kee B

SKB* 5B SA

(control)

text ) text lecture 1. text
lecture lecture text 2. lecture
computer " computer Q-A period 3. computer
lab ) . Q-A period . lab . 4. 1lab
Q-A period \ lab . computer 5. Q-A period
*SSKB = students from experimental group now taking second half of course
“ (818b) with instructor of experimental course AN

students from experimental group now taklng\second half of course
(818b) with another instructor P

k]

rs
students with no exposure to experimental course, now enrolled in
second semester (818b) with another instructor

students from experimental sroup now repeating course (818a) with
another instructor

L

Again, the results indicate a generally positive response toward computer-
. ¢ ) ”
.

based instructional techniques, particularly in the educational value of the

.

computer as a study aid.
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V. COSTS
ki

Cost records were ﬁ;p; for the following.

a) Computer charges for the organic chemistry lessons developed under
: Project C-BE \ ‘
3 b) Computer charges involved in thg revision of all organic chemistry =
lessons used in the three-semester study; and, ’
c) Computer charges for student use of the lessons.

The total computer charges for lesson deQelopment e Wu in Tablé VIII.

Table VIII | L

Compuier Charges for Lesson Development

i Lesson Cost
. OCH20 41, 33
OCH24 L, 35.67
OCH26 ~ 42,92
OCH28 _ A 97,94
0CH29 : ' 61.24
! OCH30 , . 24.30
OCH31 ‘ 175.78
OCH32 120.11
OCH33 57.25 °
OCH34 41,92
Total: 698. 46

Differences in charges are a function of the length of the lesson and the number
of computer compilations required in debugging the lesson prior to initial use.

Revisioﬁ costs, primarily for the lessous used in the first semester of or-
ganic chemistry, are shown in Table IX. These costs include charges necessitated
by hidden errors found after the initial debugging of a lesson and up-dating

costs, such as re-setting the minimum achievement level in a given lesson.

11 1.9
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. " - ., Table IX , \

. : Revision Costs

. Lesson Cost
OCH1 45.48
OCH2 7,78 g
. 0CH3 11.61 ,
. OCH4 %6.00 . /
‘ OCH6 : . 31.40 © $ .
: OCH7 .. 50.83
: OCH10 ' ' 20.63
| : OCH11 25,50 ,
< | OCH12 . 11.62 ‘ : o
; OCHL4 ‘ 10.31 ,
A OCH16 ‘ 9.65 ,
. . OCH17 , 2.48
* OCH18 7.82 *
OCH19 3.65
0CH22 26,37 ‘.
Total: 271.14 ‘ .

-

Student use cost data:are shown in Table X.

o,
Table X .
Time Required and Cost of Interaction ; -
: Fall 72 Spring 73 Fall 73
Number of Jobs (sign-ons) Run 2,082 1,360 1,848 ‘
Hours of Computer Connect Time - 1,489.89 771.67 1,213.22
Computer TM¥ Hours 7.21 4.09 7.10 |
Computer TM Charge $1,875.10 $1,064.23 $1,845.18
Computer Connect Time Charge , $667.65 $308.67 $485.29
| Cost Per Student-Terminal Hour $1.71 ) $1.78 $1.92
_Ratio Connect Time/TM . 207/1 189/1 171/1
‘ |

#TM'hdur inciudes central processing time and peripheral processing time.

12 1

24 ,
£
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VI, SUIMMARY STATEMENT OF PROBLEMS ENCOUNTERED IN THE DEVELOPMENT OF C-BE

: MATERTALS -

Within~the developmental prpcesé per se,' no major problems were encountered.
Developing c;mputer-baseg instructional materials is a time consuming task, This
a;thor estimates that, initially, 50-80 hours oﬁ developmental time were required

" for each hour of student interaction’with‘a.given program, After a degree of ex-

-

pertise in the design and developmental processes (program:and coﬁputer system)
had been attained, this number of developmental hour; was reduced to about 20-40
hours. ,

In the early stages of deve ppment, ﬁost problems that arose were due to
computer system downtime that reSulteilin losing several hours of work involved
in creating a program. Slow responsegtime and slow turn around time for a sub-
mitted program compilation were also early problemé. Since this period, however,

problems involving the computer system have been resolved to the extent that the

above-mentioned difficulties rarely occur.

Based upon the experience gained in“six years of developing computer-based
instructional materials, the author submits the following suggestions and com-
ments for consideratio;. |

1) Do not program in languages that are highfy machine dependent. A criti-

cal area of current conéern is the braﬁEpo;tation of computer-based in-
structional materials. Most large systems have their own version of a
CAl-type language and often developed materials have become restricted
to the originating site; Extended BASIC is probably the closest to a
"universal' language.
TIf bossible, develop each program as a self-contained module. This will

allow a high degree of flexibility in application to meet varying in-

structional strategies, student needs, and instructor whims,

13 1o
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3)

4)

5)

6)

7

8)

9

10)

Lo ' (SR

&

Avoid sterile programs; convey a degree of ‘your own personal’touch in

responses. Students get tired of just "eorrect" or "incorrect' comput-

AN
er replies. . . ‘ |
- E

"Avoid lengthy textual output.. Often material can be displayed by

:

computer-controlled random access slide projection. Use this if your
gystem has the feature. If not, student hand-outs or similar printed

materials should be used. ’ .

Make sure that the student knows what ‘is expected of him and what the

-program does, ' State concise, clear, quantitative performance objec-
tives at the beginning of the program or in accompanying printedumate~f

rials.

Avoid linear programming. Dranching strategies for varied student
prog & . g g A

needs
based on student input are one of the main strong-points for computer-
based instruction.

Avoid lengthy programs. Cluteal limits are reached in about 30-45 min-

utes at the termminal. Again, modularize, if possible. -

-

Design programs thiat are supplements to instruction. Successful computer-

based instructional materials that replace a teacher or "traditional"

°

course are essentially non-existent.

Follow a "systems approach" in the design, development, and evaluation
y PP gn, pment,

\ A I

of your materials., That is, (1) define the program, (2) define quanti-

.

tative objectives, (3) task analysis and design of the inst?uctionéi se-
quence (to this point, it's a mental, paper and pencil proésgs), (4) con-
gtruct the program; debug, (5)_ pilot test with 2-10 spudevés, (6) re-
vise4based on feedback, (7) class use, (8) evaluation, (9) revision.

Document the program adequately, not only in terms of technical documen=-

tatiou, but also in terms nf pedagogical applications. Include sample in-

4

teractions.
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11)- Use all reference resource materials available,
12) Recognize the worth of the computer in instruction as a tool of ex-
tremely high potential, but no better (or worse) than the person(s)

--deveioping the program(s).

- ’
- s

VII. PROCEDURES FOR INTRODUCTION AND USE

As was described earlier, the9e 1essons were wrltten in CLIC, a progfamming

1anguage unique to the University of Texas at Aust1n Computatlon Center. As such,

the lessons have extremely limited transport potent1a1 However, the concepts and

ﬂb

instructional strategies involved in the 1essoﬂs are more universal and may be en-
compassed by a variety of prpgramming languages and computer systems.

The results of this study indicate that the best use of the modules is that
in which they were originally designed, i.e., as supplements within the intro-
ductory organic chemistry course. The modular design of the lessons allows in-
structors to describe their use as best fit the needs of the séudént and the

course.

VIII. TRANSFER

The organic chemistry progr;ms were used during the 1973 Fall semester at
Southw;;t Texas State University and the University of Texas at Permian Basin,
Both universities utilized The University of Texas at Austin CDC 6600-6400 com-
puter system. The universities continued using the program for their intro-
ductory course in organic chemistry during the Spring semester of 1974. Intern-
al feedback from the course instructors was generally positive. The transfer

was conducted by the NSF-sponsored Project CONDUIT at the University of Texas.

-




Acknowledgments

Support for the lessons not developed under Project C-BE‘Qas provided by
the Exxon Education Foundation and Moody Education Foundation. Partial compu-
ter c;sts for the development a;d use of these lessons was borne by the Univer-
gity of Texas at Austin Computation Cénter and the University of Texas. Special
aépreciation and acknowledgment is given to Professors J. C: Gilbert and
P. L. étoﬁggr, of the University of Texas at Austin Departméné of Chemistry,

and to Professors J. J. Allan, III and J. J. Lagowski, Directors of Project C-BE.




References/Bibliography

Rodewald, L. B., Culp, G. H., and Lagowski, J. J., J, Chem. Educ., 47,
134 (1970). ) .

Smith, S. G., ibid., 47, 608 (1970).

Culp, G. H., and Castleberry, S. J., Seci. Ed., 55, 423 (1971).

Culp, G. H., and Lagowski, J. J., J. Res. Sci. Teach., 8, 357 (L971).
) N

Smith, S. G., J. Chem. Edue., 48, 727 (1971). '

Venier, C. G., and Reinecke, M. G., tbid., 49, 541 (1972).




